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I'he Ecology and Migrations of Sea Turtles, 2
Results of Field Work in Costa Rica, 1955
By Arcuie CARR! AND LEONARD GIOVANNOLI

lhe present paper is a summary of results of a season’s field work at
1["" green turtle (Chelonia mydas mvydas) rookery at Tortuguero on the
‘,um’h“"“l coast of Costa Rica. Most of the information was obtained
through work at the beach during July and August, 1955. This is supple-
mented by ohservations made in ])1:(:‘\'i-<111:-i seasons at Tortuguero and else-
\\"]wn-_ The work was supported by a grant from the National Science
Foundation (G-1684) and will be continued during two more nesting
\(.-;i'\.m'w‘\‘_' Results of a study of green turtle populations of the Gulf coast
iiI Florida, a part of the same general program of research, are given else-
W;'f:r“ (Carr and Caldwell, 1956).
- )ti:l_lgm-m_ or '[_'lll‘tle Bogue as it is known in ('eri%)l}("flﬂ English, 1s
~*+-mile extent of unbroken sand beach on the Costa Rican coast be-
i I,}‘f‘ml [Limon and the Nicaraguan frontier, extending from the
’;j‘_"”h UI_ the Tortuguero River to that of the Parismina ( Reventazon )
,:HW {“g- 1). It is widely known through the Caribbean as a nesting
\]in:t:ﬂ;:ll”tf(“\il:t:: 4turfl? ;m(l.i:\ ti‘umght by 111.2111_\' t‘(n h‘c‘ lh.é' ;)111_\: l—fkj?]fl‘i]{:
the LA“THPI)(_"?.‘[H‘ Whi 25 .”]1])0!11([1‘:&@ to the maintenance of the .‘\.]).('Llﬁh .
certainly at. ile this may not be wholly true, 'Turmgucn_} is almost
!?liliin\-l—\].,:-h‘p “‘_11.“'71'001\'91'_\‘ tfi sigllilicanFt‘ an_\'\\'l.wrc on the :_munknu] At-
shores of Central or South America, and it was for this reason that
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Fic. 1. Map showing western Caribbean localities involved in the
program,

) e g T e . L 3. gee also
't was chosen as the locale for a tagging program (figs. 2, 3; S€€

Carr, 19544 1954h, 1956).
pio e - se ip a4
After reconnaissance during three preceding summers, we set Ul
oror li
tagging c: amp on July 1, 1955, in the little settlement of Tortuguero: :
: tic
ummm: shack Nl]lll\l'lul by Sefior Teodoro Quirés C., of the Atlat

g o hinter-
Trading Com pany, which takes out timber and bananas from the hir
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4 AMERICAN MUSEUM NOVITATES NO. 1835

T Costa Rica,
Bie: 30X hatchling green turtle, newly emerged at Tortuguero,
and heading for the surf.

ile section
land by way of the Tortuguero River. We were :.lllotFed'a 2-1111_|€]:itti.;l5
of the heach adjacent to the camp, on which commercial mterfme-l 4
excluded, and we retained local good will by hiring for our 0\\-:]1“)“‘3“
the men who usually turned turtles on these 2 miles for export i
in Limon. Aeail-rol)
Turtles turned at night by these veladores, as the l)m‘:]lfw?[d]g::];:g‘
themselves, were tagged and released, where caught, the next 11]1 e
all the catch of a night usually having gone back into the “"ﬂterk:-r(l
day if not much earlier ( fig. 4). In the case of each turtle tagged, s ({E the
line measurements of the length and width of the shell were made.

stocular
: siihle. ¢ he postoct
pomt of capture was recorded as exactly as possible, and the |

scales of each side were counted,

ight-

e was a

Two kinds of tags were used during the summer. One of the’f ]\;; e
monel metal elliptical disk with perforations at the ends for “.Ire\-ce[ﬂ
the after edge of the shell (fig. 5). This was used for all tut’t!.e-“ 7& and
40 marked during the last two days of the field work (August f“[‘n(mel
26). These latter were tagg :

ed with standard “‘cow-ear tags i
metal, clamped through pun

. after-edge 0
ched holes in the thin, tough di“_'r}\ ‘“T], 0
3 3 7 ICKS
the upper part of the front flipper, as suggested by J. R. Hendr

1 Not by Tom Harrisson, as stated by Carr and Caldwell (1936).
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m;‘[:}. 4. Giovannoli and an assistant tagging a green turtle by the shell-tag
od later discarded in favor of a flipper tag.

4 Paper read at the 1955 meetings of the American Society of [chthyolo-
ngt,S and Herpetologists. This type of tag is now being used exclustvely.
> I'Ot.h kinds of tags were numbered and inscribed in English and Span-
};;})‘;:2‘112“ Oﬁer) .()f a rew_ard fm: tlheir return z‘md.\\'ith the address of the
‘ment of Biology of the University of Florida.
fmllz:“i?:]% t;" period of the \\'01‘1\: Giovannoli was _in 1'c5ide_'nce at the c:'u_nlf
(vbiens b :[0 August 29, and Carr was })I’E‘SC‘-I.]t for two lourr(la_}_' 1}c’r1_(_1d:i
turtles wer camp was opened and closed). Six hunrlrcd_an(l lor(t_\ -four
captures h-e C_a“ghtfm', rather, turtles were .c;u!ght 644 times, 149 n.t the
the ‘)Ea;-lu ‘;‘:“E} h.t‘t‘.n recaptures of tagged individuals t]‘l:l_t returned to
6 o t_0~l ; : \‘\ hich returned for two recaptures, seven for tlll‘(‘t‘,. and
outside ('ollt'- : }1{11(_1;‘ the camp was clur‘ie(l..\\'e ha_ve had 10 returns, all Ir-m_n
B i;], a Rica. I)e‘Ealls and mplications (‘)-t the (latz} thus secured are
; the following pages. All turtles involved in the study were
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I‘l.fi. 6. Shell lengths of 362 mature female green turtles measured on the
nesting beach at Tortuguero, Costa Rica, between July 2 and August 25, 1955.
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diagram ; Length-width relationship in sexually mature green turtles. The
agram includes - i 3 : c e _
and (\ 1 includes all turtles measured at Tortuguero, Costa Rica, during July
. Alugus e i b IS
on th gust, 1955. Each dot represents a turtle. The small dots actually lie
on the

DOINts cover
points covered by the large dots that they touch.
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mature females, the range in size and pfoportions of which is shown in
figures 6 and 7.

TAGGING RESULTS

The chief aim of the Costa Rican tagging program was to get iIHl)l'ETl(l-
tion bearing on the question of mass, long-distance migrations. Pending
accumulation of direct observation of schools traveling the high seas, the
most direct and valuable data would seem to be those from released ;m(l_
recovered marked turtles. In the present project we have had a total of
149 recoveries of tagged individuals. These recoveries are of two very
divergent kinds : recaptures of females that returned to Tortuguero beach
within one to 35 days after being tagged, for the purpose of carrying out
interrupted nesting or of nesting again : and recaptures by net or iron at
points distant from the nesting beach, and clearly after the season’s nest-
ing activity of the individual involved had been finished or abandoned.

Tagging results are summarized in tables 1 to 5.

TABLE 1

RETURN RECORDS INVOLVING SINGLE RECAPTURES OF GREEN TURTLES AFTER
INTERVALS OF FROM 11 TO 16 Davs, ix A 10-MILE SECTION OF
TORTUGUERO Beach, Costa Rica, SOUTHEAST FROM THE
MouTH oF THE TORTUGUERO Ri1vER

Distance
Tag Place Date Date Place I i Mﬂﬁiiu
\ AT o s lon stakens Between SILES
No Tagged Tagged Retaken Retaken A
313 NW. 3 8/4 g/ NW.3  Same place
102 NW.4  %7/3 7/15 SE. 3 -
124 SE. 3 /7 7/19 Mid 2 1%
105 SE. 1 7/26 8/7 NW. 2 v
324 SE. 2 8/5 8/17 NW. 2 2
381 SE. 1 8/11 8,24 SE. 1 4
382 SE. 1 8/11 8/24 SE. 1 N
466 SE. 2 8/14 8/24 Mid 1 %4
126 NW. 1 7/7 7/21 NW. 3 134-2
277 SE. 3 7/18 8/3 SE.2 1
205 NW. 3 7/19 8/3 Mid 3 '8

* Numbers in these colt

) L st : letters
Mis represent miles from northwest to southeast:
indicate apy

roximate portions of individual

miles.
b N Sl
Sote similarity of records.
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DaTA FrRoM LocaL RETURNS

Crumpep RETURNS @ While the local returns, of which, as noted above,
we had 149 in 1955, are of interest mainly for their bearing on individual
orientation and on the natural history of nesting, they should also be
examined for any possible clues bearing on schooling or group movement.
The most direct evidence of this sort would be clumped retakes of turtles
that had been tagged together. Although the word “together™ as thus
used is clearly relative, there are nevertheless to be seen in tables 1 to 3
and in the case histories numerous examples, which range from the sug-
gestive to the virtually conclusively demonstrative, of associative move-
ments. That is to say, if turtles tagged at the same place and time are after
long intervals retaken together (especially if they are retaken together at
another place) and if the coincidence is not attributable to chance alone,
then the turtles clearly moved together in the interim, and by extension
perhaps in the migration that brought them to the beach to start with.
Admittedly our cases do not add up to imposing statistical stature, and
the numerous factors involved make both the application and the interp-
retation of probability tests pointless. But when viewed against the agree-
ment of our case-history results with widespread lore of professional
turtle hunters, the implications seem noteworthy.

As an example, the following case of clumping may be pointed out (the

TABLE 2
RETURN RECORDS INVOLVING SINGLE RECAPTURES OF GREEN TURTLES AFTER
]\_"Fb:le\‘A\Ls OF 20 Davs orR MORE, IN A 10-MILE SECTION OF
lorTUGUERO BEACH, CosTa RicA, SOUTHEAST FROM THE
MouTH oF THE TORTUGUERO RIVER

Distance

Tfiil Place Date Date Place (in Miles)
No. Tagged® Tagged Retaken Retaken® Between Sites
of Emergence

i NW.3  7/14 8/16 NW.2 1

31{4 Mid 1 7/16 8/16 NW. 2 15-9%
;EM SE. 10 7/12 8/10 Mid 1 9

ks Mid 2 7/12 8/7 NW. 2 14 or less
153 Mid 2 7/22 8/14 SE. 1 54-34
14 Mid 2 8/4 8/24 Mid 1 i

307 _ 8/25 NW. 3 134

el SE. 2 8/3 8/24 NW. 3 i34

Nuy :
2 nbers 5 -
indic €rs in these columns represent miles from northwest to southeast; letters

ate ; s . A 39N :
aPproximate portions of individual miles.
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TABLE 3

NO. 1835

RETURNY RECORDS INVOLVING Two OR MORE RECAPTURES OF GREEN TURTLES
IN A 10-MILE SEcTiON OF TorRTUGUERO BEACH, CosTa Rica,
SOUTHEAST OF THE MOUTH OF THE TORTUGUERO RIVER

Tag

No.

413
314

190

394

JR3

448

* Num

* Same place as fi
—alne place as first emergence.

Place Date Date
Tagged" Tagged Retaken
SE. 1 7/9 /11

721

Mid 1 8/12 8/12

8/24
NW. 3 8/12 8/12
8/24
SE. 2 7/19 8/3
8/8
Mid 2 /14 8/3
8/5
SE. 2 7/10 7/12
8/3
SE. 2 7/8 8/11
8/12
NW. 4 7/19 8/14
8/16
oE. 1 7/12 8/8
8/9
NW. 3 7/16 8/10
8/11
Mid 1 8/11 8/12
8/23
NW. 1 8/12 8/23
8/24
Mid 2 84 8/24
8/25
SE. 1 7/11 7/15
7/18
ol 8/11
NW. 1 811 8/11
8/12
8/16
8/18
SE. 1 8/11 8/11
8/12
8/13
8/24
SE. 1 8/13 8/23
8/24

bers in these columns rep

lividual miles.

Place

Retaken®

Mid 2
NW. 3
SE. 2

NW. 3
SE. 1

SE. 2

Mid 2
Mid 2
Mid 1
SE. 1

Mid 3
Mid 2
NW. 1
NW. 1
Sl

NW. 3
SE. 1

Mid 1
Mid 3
NW. 2
Mid 2
NW. 1
NW. 1
SE. 1

Mid 1
NW. 3
Mid 1
Mid 1
SE.
SE.
SE.
NW. 2
SE. 1

SE. 1

NW. 1
Mid 3
SE. 1

SE. 1

Mid 1

N B

indi ; resent miles from northeast to southeast:
Indicate approximate portions of inc

Distance

(in Miles)

Between Sites
of Emergence

4 or less

L{-1/12
7

3%

Same place

3
3
14
1

1

3,

114
Same place

24

1145

14 or less
71
4 or less

4

114
Same place

%)

1

1}%

14 or less
Same place

14 or less

115
Same place

1

4
1

1
Same place
71
244
)h
Same place
14

letters
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numbers used are tag numbers of turtles marked ; further details of their
history may be seen in the tables) :

Numbers 381, 382, 383, and 393 were tagged on August 11, all within
an extent of a quarter of a mile or less. All were retaken 13 days later,
on August 24, as follows: No. 381 about 2 miles from the tagging site;
No. 393 about 1 mile from the tagging site and 1 mile from the point of
emergence of No. 381; Nos. 382 and 383 at the place where all were
tagged, or no farther than one-quarter of a mile from it.

Numbers 405 and 420 were tagged on August 12 (one day after the
above-named group), and all were retaken with them on August 24 on
the same 2-mile extent of beach.

The explanation for the return of a turtle to the beach is discussed in
the section on multiple laying. The above-mentioned turtles probably
nested successfully on or shortly after the date they were tagged and re-
leased, then came back to lay again on August 24. Such reappearances at
the original point of emergence as the above, and as those shown in the
tables, seem obviously indicative of some sort of orientation accomplish-
ment. It is not clear, however, how imposing the feat of orientation has
l'l‘t"n. [t is conceivable that the days, or weeks, between emergences were
\\'mt}‘d out loafing or courting in the open sea off shore, adjacent to the
nesting -“lilt’. This, however, seems unlikely. The shore is completely ex-
posed, with strong long-shore currents and heavy surf and with few feed-
ing flats or sleeping rocks available. Reconnaissance by small airplane
?h”“"“ no great accumulation of females such as would occur if every
T_(‘mél]t there for a two- or three-stage nesting venture waited around dur-
g the periods between her trips ashore. -
| It seems more reasonable to suppose that between times the turtles
L:i'l:li:;:;r.;lr eas :11101}_1 the mouths of 1‘?\1’1‘5 up and (lnf\‘n 1_]10 coast, \\:ht‘l‘.t‘
et g shallows afford both protection and vegetation tor food. If this
;h the case, the returns to precisely located points on the nesting beach
‘ccome feats of greater stature -

3t 5 -
: hi h_'l“ the many variables that must have been coordinated in the ac-
L;']hl’]'ﬁllment of these localized reappearances seem to rule out chance, it
should nevertheless be noted that extremely divergent cases were re-

corded . j o - ’
L in which returns to the beach occurred as far as 10 miles away.

T Bierman i
ME, Distance, axp Direcrion 1n Recaptures: An effort was

!ulr!.:,llt ;":\i”.‘?f'fli‘ﬂ‘llt the direct (‘\'i(?t']l(‘(' ‘I'ur ;1.\‘§nciuti\'v m_m'mm-m obtainable
capty ‘ records _l’_\' a tabulation of the time and distance h_cl\\'evn re-
Y!'n]L (:”L: H(”‘l the fl_lt_‘cctmn of the site of recapture from 11.1:1-'[ .n! release. It

¥ seemed of interest to know whether turtles, on visiting the beach

d SeCon : T 5 i "
I time, showed a tendency to come out near the point of their
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first emergence, but also whether emergences nof near points of release
showed any associative trends in distance, time, and direction that might
quantitatively bolster the more striking individual cases. If second :l_ﬂll
later emergences generally proved to show no relation to the original site,
we wanted to see whether they tended to group elsewhere, or at least to
occur northward or southward of release points. Such trends might be
interpreted, cautiously, as indications of group long-shore movement
which might be part of, or of the quality of, seasonal migratory move-
ment,

Table 4 shows the sort of analysis that might be expected to reveal such
movements. The fact that it fails to show any arresting trends may merely
be due to the small sample that remained for such treatment after _Th“
weeding out of ineligible cases. Most of our work was done on the fn‘sl_
3 miles (northernmost miles) of the beach, and the eccentric position of
this site made it necessary to throw out all returns for individuals tu,&{}:l"‘l
there (except for some of those included in the zero column) in this
analysis. The restriction of the sample to turtles tagged towards the
middle miles of the beach left only the 60 returns tabulated north and
south of the zero column. _

Data in the zero column itself have little bearing on movement but El.l’('
most striking evidence of orientation capacity and perhaps of a special
kind of “homing™ ability, as the 36 individuals listed there all came back
to a section of beach less than a mile long

many of them to within a fev
hundred yards of the site of their first emergence.

COUNTS A ND MEASUREMENTS

In addition to the clues and evidence available in the tag returns, -
dications of school movement might be expected to appear in SC:L.Q{I).”“].
changes in counts and measurements made on emerging turtles, l"""'](l”?'&
characters involved in school-specificity could be found. Our efforts T
this line were exploratory and unprmll-wti\'v. but we do not believe that
the fact that our data on the postocular scales show no definite secular
trends rules out the desirability for continuing a search for characters
suitable to this sort of mnquiry, -

There seems to be no reason why traits could not be found that am-
nounce the arrival of separate schools because each school is slightly {11(”“'
of a stamp with respect to that trait than it is like any other school. There
is strong circumstantial evidence that (1) turtles arrive at Tortuguer
in schools, (2) schools arrive at different times, and (3) some, at ]t.'“‘“'['
of the schools come from different and separate home (feeding-slee]llﬂ}f]
ground north and south of the Tortuguero nesting ground. The sugge”
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tions of concurrent emergence behavior shown elsewhere in this paper
may be attributable to school cohesion by such variously derived groups.
There also seems to be the possibility that, because of the completely
herbivorous, herd-grazing habits of the green turtle its populations are
IJ.""‘:“‘” genetically into demes, which, because partly isolated from other
similar populations, may acquire measurable differences from them.

It might be objected that the isolation on the separate feeding ground
can be of no evolutionary importance, because, theoretically at least, the
schools all repair to a common breeding center, where not only egg laying
QCCHER but also the pairing off and copulating that might be expected to
mix the gene pools of whatever groups were concurrently present and
not only overcome any drift effect but also dilute any selective effects
produced in the populations by differences in conditions in their home
areas.

Opoosing this objection, however, is the likelihood of separate, syn-
thrf’”““-‘ periodic action by the different schools, the members of each of
which, reacting to the same set of periodic factors, depart for the nesting
ground simultaneously and thus on the whole tend to mate with one an-
"‘_l‘“'f more often than they mate with members of any other school. This
ik “:““M be reénforced by the fact that copulation in green turtles
Occurs just before or just after oviposition (see section on Natural His-
[,.”r'\‘ i ?\,"[Jl‘f)tluclinn), with the males closely attending the nesting
temales, following them into the surf on the way ashore or catching them
the moment they are afloat on their return. (Harrisson, 1954, and our
own observation. )

_ It seems unreasonable to suppose that these rutting males would be
m\ more inclined to mount a female of their own population than one
”.”m a concurrently present population from a different source. But the
“T“"Jh”g.uﬂ(lmc}' would nevertheless tend to increase the relative fre-
‘.luﬂc'\., of intrapopulation matings, and with time this would inevitably
I;mh ]11__(11.1}-“"‘3”&‘L‘5 in gene frequencies. The only question is whether
“T.v differences are morphometrically detectable.
. [‘t"jt:[-,:‘L(;::I__.\'RT_L'()l'_\'_'i's: One of the numt‘]u'(nnisin}.: variables with \\'hich.
: differential school “makeup” seemed to he the number ol
::?;;;:T::&:Ldl“ (_th'“ big -“Ciilc.j‘ that form tl‘w hin'(} rim of the m-l'if :lnI'I
i’r"’l”min-lt;:u-l ange in number from two to five). _1 he modal ;mcl_ .:1 'c‘ﬂ'_\
the I‘;“W(: 5 g n_un-ﬂmr cnm}tc(l was four on I)()th~ sides. As table 5 .~‘hu.\\-,j,
quent 1’1"‘” 1“?‘” data was from three to five, with asymmetry more ire-
SNt than symmetry in the non-modal counts. It was hoped that any
meipient

cl

population divergence that might exist would appear as seasonal

umpinge 3 : i .
PIng on an average basis. But, as table 5 shows, the 4-4 count 1s s0
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TABLE 4
il I r 1T TeT BE N . i po— )\
TaG RETURNS FOR TORTUGUERO, JuLy-Avcust, 1955, 5[[()\\].\‘<, RFII‘,.\II(
BETWEEN TiME, DISTANCE TRAVELED, AxD DIRECTION OF SITE OF
RECAPTURE FROM SITE OF RELEASE

Miles South of Miles North of
Days Point of Release Point of R('](‘;ls“l_
3-10  2:3 1-2 0 1-2 93 310
1-5 7 4 18 18 11 4 4
5-15 1 1 2 11 4 1 0
15-25 0 0 0 4 2 0 0
25-35 0 0 0 3 2 1 !

“ This does not represent a fixed
the 10 northwesternmost miles wh
covery distances were me

. ot T rithin
pomt on the beach but rather any ]]01!11‘\;
i hich e
ere turtles were released and from \\quI r
: - F f release and re-
asured. Only cases in which the sites of release a

covery were precisely known are included.

TABLE 5 -
AT RS T \
ToraL axp MoNTHLY FREQUENCIES, 1
GREEN TURTLES, TorTUGUERO, CosTa Rica, 1955

PostocuLar ScarLg NUMBER,

3-2a 33 34 4.4 4-5 5-5 0
Total 5 25 30 362 48 22 &
July 1 10 18 166 26 9 :
August 3 15 12 108 21 13

* Counts for the left and right sides, respectively.
much the most frequent th

. o g 1ts were
at our samples of all the aberrant cou
smal

asonality could be detected. _ i
lJi.\'(:'l*u-E"]u-‘,gl'i-:xt\': Another variable, in which we T';]
success in finding significant seasonal trends, was shell im,.lr }i
School differences in this ch; :

but merely

1, and no significant se
SEASONAL
with more

iracter may, of course, not be genetic at
indicative of differential
of differential
within a single

richness of pasturage II.I m-tlml,:
periodicity in movements of ontogenetic group:
population,
i shell length lacks the
fn-quc-m"\' would carry,

grounds or

Admittedly, a significant seasonality 111}'!11?1'1’};—(=
sine ('\'tllutil‘)l'liil'_\' relevance that chm‘]])a in ﬁlt:i-[
but it nevertheless implies schooling of some sOTt
and that is the central interest of this study.

What we interpret as probably
groups may be seen in f :

B s - s ge e FEIRE
valid evidence of pulul]ltﬂ.‘

igure 8,
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Sex RaTtio

Because of the heavy and widespread killing of female turtl_es (1111'111._(;'
their vulnerable period on shore, a growing preponderance of 11]1[](‘5 mn
mature sea turtle populations might be expected. Our results _at 1 urtnj
guero furnish no evidence on this subject, because the (IIJ:-‘.(‘['\'I['[S{'H]:* there
mvolve only the mature female turtles that use the I'U(')l{t.‘l‘_\'. \}'1th oc-
casional ::ig_ht records of males chasing females in the surl or, from an
airplane, seen courting or copulating.

At the Miskito Cay fishery, however, some 300 miles to the northwest,
the turtling operation is not selective with respect to sex, and the sex
ratio in the net-taken catch there can probably be taken as representative.
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The only direct information available comes from two cargoes of un-
sorted green turtles caught on Miskito Bank and carried to market, re-
spectively, in Grand Cayman and Key West. A sex tally was made 0[.
these by Giovannoli. The two schooners involved were the “Autarus” of
Grand Cayman unloading at Georgetown and the “Adams” of Grand
Cayman unloading at Key West. All turtles were from the vicinity of
Miskito Cay, and all were caught between February and April, 1956.
Sex frequency was as follows :

MALES FEMALES
“Autarus” 27 66
‘Adams” 105 271

Elsewhere Carr (1956) has commented on the apparent predominance
of male green turtles w hen the sea off the nesting ground is surveyed
from the air. Because any female at the surface is usually attended by two |
or more males, and hccause females not immediately concerned with 1“.’-“['
ing apparently move away temporarily, an aerial survey gives an 1m-
pression of a disproportionate number of males. Such observations, ht).“‘-
ever, have no bearing on the actual sex ratio, as only a small, selective
segment of the breeding schools is in evidence,

MuLrirLE NESTING |

There is evidence of several kinds that the Atlantic green turtle may
lay more than once during a season, as the form in the Pacific is known
to do. For example, it has often been stated by those who habitually
butcher green turtles that the egg complements of gravid females are
often in two or more batches, of unequal size, and destined to be laid
during separate emergences. Such persons and the wveladores who tur!
turtles on the beaches generally agree that there are usually three such
“mergences in a summer and that these occur at intervals of from 10 days
to two weeks. In variaus places about the Caribbean we have talked with
turtle men who cite specific instances of a female turtle, recognizable be-
CAlise of sanie deformity or injury, that came ashore twice in “about tWo
weeks,’'

It might be expected that a study such as the present one, yielding
recaptures of turtles on the nesting beach where they were marked, would
settle this question once and for all. Such is not the case. As we said abové:
the chief purpose of this year’s project was the building up of a fleet "
marked turtles that would allow the testing of the migration theories.
and, as nearly any tagging program yields only scant returns, our efforts
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were all bent towards getting tagged turtles on the seas. \WWhen a turtle
is found on the beach at night it is next to impossible to be sure that it
has accomplished nesting, without making a laborious search back along
the animal’s trail for the concealed nest. The alternative is to watch an
individual throughout the laying process, from emergence through ovi-
position. This may easily consume an hour's time (sometimes more) and
meantime other turtles have gone back into the sea, tagless. While we
recorded what each turtle found was doing, and what she probably had

NUMBER OF TURTLES TAKEN

s aFTe
RELEASE

F16. 9. Bar diagram showing frequency of retake intervals for green turtles
tagged at Tortuguero, Costa Rica. It should be noted that the horizontal scale
does not show calendar days but days of interval between the time of release
”,f,{he tagged turtles on the nesting beach and the time of recapture there.
)'Stﬁ_ﬂt‘t' is not taken into account, but in no case were distances of more than
:" miles involved. While the sample is not large, it seems to us that the peak
)'“t‘"i‘t'ﬂ 10 and 15 days and perhaps even the slight tendency to clump at t.hc
";Jrl(”\da,\' point should be considered in the light of the widespread belief
that Caribbean green turtles lay several times a season, at intervals of 10 to
14 days, : :

d(_’m" on the beach when caught, the number tagged after they had cer-
tamly Taid their eggs was only six. Of these there were no recoveries.

Data on this aspect of nesting will require a special sort ol taggmg
Project in which a great deal of time is given over to determimng defi-
nitely that each female tagged has finished laying. The man-hours 1in-
volved in - o ; =il 2 X ; : i e

Ived in an effective project of this kind will be imposing.

; Lacking direct information, we made a half-hearted eftort to discover
" our data quantitative hints with possible bearing on multiple emer
gence, W p i M x Bt o A 1G be s yort for a 13- or
4 € were surprised to find what appears to be suppo ‘ !

“day frequency cycle. The frequency distribution of retake intervals for
Ur 149 recoveries is shown in ficure 9. Three features seem Note worthy :
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the large number of individuals retaken after only 1_’~ to 24 !1f:tlr15lrti(11:;j
the time of release ; the falling off to zero after about nine days and ‘)u.u“
ing back to a fairly strong peak after two weeks ; tplm emergence of a sug
gestion of a possibly comparable peak after 20 to 23.ct:1}_'5. .-
l There can be little doubt that the predominance in hgur_e 9 of Interval
of only a few hours indicates reémergence to accomplish nesting 11'1-
u-rrupi(':l by capture at the time the tags were put on. As t’n_thei:\\[:;
rudimentary. peaks at successive 12-day intervals, the t(‘nl]ll:ltl-ﬂlll .
course to sg-v in them corroboration of the hshermen’s three-stzt;.;t‘ ]d.,‘ Tr
(12-day intervals and all). Although the much vitiated sample n " h‘l‘t;
the l“‘?;'\'h occur greatly reduces their significance on a purely stat1:~'.t1t:‘l-
basis, it is not clear how the mutual relation between the three peaks re
enforces the probability that the peaks represent actual cycles.

INTERNATIONAL RETURNS

The Costa Rican tagging project was set up, as explained :11)0\.'0.1:1-\ \(‘“;t
aspect of a broad program to trace movements of sea 111I't](l?' -[t i‘.v;(‘i
suggested by, and specifically designed to test, two h_\'llUt]fef“'f e.r' e
from uircunulstantia] evidence and from the widespread beliefs of Carl
bean fishermen, as follows -

) e
1. The Tortuguero rookery is the main nesting ground for tlft_ 'h]";
resident green turtle populations of the Miskito Cay area—the h;uidlle
flats of Miskito Bank. some 300 miles northwest of Tortuguero, off th
coast of Nicaragua (fgs. 1, 10, 11).
2

In addition to receiving nesting migrants from this one r(‘-h”»k'::;i
area, Tortuguero is visited from some other, if not most other, sections
of the western Caribbean, es
Panama to Venezuela. o
The evidence upon which these and other related suppositions re:
reviewed elsewhere (C
At the tim
turtles marke

. . =t from
pecially from the coast of the mainland

arr, 1956) and is not shown here. : : e
e this paper goes to press we have returns ir:rm 10-0 -
d at Tortuguero during July and August, 1‘)5:!.. .\Il‘le'turegl
are from either Panama (three) or Nica ragua and the .\!is]um.t ZF,\ *".erv
tseven), and the maximum distances represented, about 300 miles, W e
attained by hoth northern and southern migrants. Results are sumik
rized in table 6, ; i
While these data show, for the first time, positive proof of ]()n.;:—:d'u-td
individual movement, probably the aftermath of the lll](lt’]'léll(ll‘]%‘[ ‘m‘r
sting migration, it is not clear how good as-evide
for mass migration they
Quantitatively, Whether th

culmination of the ne

ated
- 1y "lllld“(
are, because they can be variously ev: nade
A i reriee were ma
e fact that all long-range recoveries wer
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in Panama and in Nicaragua, where they were expected (none nearer
the nesting beach, none elsewhere in the Caribbean), means that most
turtles that leave Tortuguero after nesting go to those places and stop
(return home), or whether sampling by Panamanian turtlers and by
the famous Cayman schooners that catch the Miskito Cay turtles is
simply the most efficient that occurs, is impossible to determine mathe-
matically.

It is also hard to evaluate the effect on return results of the loss of tags
at various periods after tagging. That heavy loss occurred is shown by
the much better performance of the fin tag, of which we used fewer than
the shell tag that was used during most of the program. Of 455 shell
(disk) tags put on during July and August, only four came back, whereas
of 40 fin tags, all put on during the latter part of the study, four also were
returned. Both types of tags were among returns irom both Panama and
Nicaragua.

This marked disparity may partly be explained by the fact that the
fin tags were used at the end of the tagging period, which allowed less
time for them to be lost. The significance of this fact seems to diminish 1n
the light of the generally much later return dates for the recovered fin
tags. We have positive evidence that at least two shell tags were lost.
Among the turtles of the two cargoes from Miskito Cay discussed under
the section on Sex Ratio, two sets of our wire holes, unmistakably indi-
tating lost shell tags, were found by Giovannoli.

The longest release-recovery interval was the seven months between
the time tag 219 was put on at Tortuguero and the time it was taken off
tear the mouth of Rio Grande in Nicaragua, a point closer to the site of
tagging than in the case of any of the other international returns. The
only indication of speed of 11‘;1\t01 by the migrants is obtainable from the
case of tag 213, the hearer of which moved from Tortuguero to a point in
Panama about 300 miles away between August 24 and September 3,

1953

It is of interest that the minimum speed represented corresponds
cl

osely with the rate of travel in one of the anecdotes of homing journeys
l’.‘":{rt‘en turtles recorded by Carr (1956).

This same individual, No. 213, was recaught on the same day and in
1€ same place (see table 4) as No. 316, which had been tagged 19 days
carlier. It is interesting to speculate whether No. 316 remained at Tortu-
suero and left with No. 213, perhaps both as members of a school that
Sathered then and traveled south in a body, or whether the two simply
ent back separately to a home feeding ground, or whether one or both
METE en route to some place even farther away when interrupted by the
turtle net. This problem of homing versus migration in the interpretation

th
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957 CARR AND GIOVANNOLI: SEA TURLLES

of tagging results receives some comment in Carr and Caldwell (1936)

and needs a great deal more study.

NATURAL HI1sTORY OF REPRODUCTION

NEsTiNG : Although the literature contains numerous accounts of nest-
ing by green turtles, most of these apply to the Indo- Pacific populations,
and all are given in more or less general terms that furnish little of value
as hasis for detailed comparison with other species. The time is past
when it was worth while to publish the bare statement that a given kind
of turtle Tays leathery-shelled eggs; that she usually lays them at night;
that she lays them in a hole in sand, nearly always above high-water
mark ; that she digs the hole with the back flippers used alternately ; that
the hole is bottle-shaped and about as deep as the flipper will reach; that
the hole is filled by the hind flippers ; and that the site is hidden by thrash-
e and flinging of sand by all four feet. All these facts are merely the
Iramework of the operation, the easily seen acts performed by all nesting
s turtles, and indeed, with minor variations, common to all modern
lestudinata (except perhaps for the ridley, which appears to have no re-
productive habits of any kind ). It is one of our aims in the investigation
How under way to record the more detailed behavior of the various At-
1“”_1'(' sea turtles, not only for the sake of a better understanding of the
ammals, but to learn, of this readily observable phase of their life his-
lories, the degree to which they adhere to or depart from a common
pattern. The process of nesting involves a complex and presumably
laboriously evolved and delicately adjusted set of r sactions. Once the

student gains some confidence in sorting out the mannerisms as homolo-
gous behavior or mere parallel expediency, he will have gained a new
S0t of criterion to bring to bear on the problems of relationships among
the turtles.

. “‘." present field work has afforded opportunity to make observations
o Justify a certain amount of comparison among the species. Carr has
Previously made timed, move-by-move records of the nesting of Lepi-
m“-hf‘]-\"" olivacea, and the il}._’,',‘.{l't_‘j,"fltt' of published and unpublished data
o Caretta c. caretta give a fairly good picture of the procedure in that
T“n-nf During the past three years we have repeatedly watched nesting
‘-‘L'tl\']t'\- by green turtles and have recorded in detail schedules of ma-
neuvers from emergence to return to the sea. It is against this background
K‘Im we judge the performance of the individual the hehavior of which
S described below to be typical, and give the first account in the literature

of nestine hy - :
sting by an Atlantic green turtle.
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The turtle was an individual 3834 inches in shell length, which was
found on Tortuguero Beach on the evening of August 25, 1955. It bore
fin-tag No. 227, which was put on the morning of the same day, after
the turtle had been turned the night before. The return of the turtle to
the beach implies that the first capture occurred before it had nested. Its
coming back to lay, only 12 hours after the experience of spending the
night back down on the shore, is a characteristic manifestation of the
strength and “singlemindedness” of the nesting drive.,

On the night the observations were made, Carr went out with the spe-
cial aim of recording details of the nesting process, because, for reasons
discussed elsewhere, the tagging operation affords little opportunity for
the study of such details. After six turtles had been disregarded because
they were already in advanced stages of nesting, No. 227 was found at
9:15 p.M., as she was emerging from the breakers about 2 miles from the
point at the mouth of the T ortuguero river. By luck, she was sighted with-
out the anl of a flashlight. The nesting urge will not often withstand the
shock of a focused flashlight beam at this point in the process, the typical
reaction being an abrupt return to the surf.

After a few stops to “smell” the sand (see below) the turtle dragged
herself out of the water and started up the beach. The trip took her a
distance of about 35 paces, and, with many pauses and periods of ap-
parent appraisal of the outlook, consumed 20 minutes. When the turtle
reached the edge of the beach vegetation (largely sea grapes at this
point), she crawled uncertainly back and forth a few times, then settled
herself and at 9:35 p.ar. began making tentative “swipes” at the sand
with her front flippers. These strokes led gradually into P“rl’“wml
digging. The first “]mmtum was the thrashing out of the nesting pit (2
broad depression, in this case about 4 feet wide) dug by violent throwing
of sand by all four feet. the body meantime rotating slowly. As the de-
pression deepened, the body of the turtle, or its back three-quarters, Was
lowered into it.

At 10:00 r.v1. the turtle was well planted in her pit, the pivoting had
stopped, and the deepening and enlarging of the hole continued Jargely
by means of alternate kicking by the hind feet. At 10:16 .. the kicking
stopped. The turtle pushed the distal e dge of a hind flipper against the

as
bottom of the pit, curled it, and scooped out the first sand from what W

to become the egg cavity., f

i

From then on the digging of the .

sarly h
egg chamber continued for nearly I
an hour,

. .pening
the two hind fins being thrust alternately into the (Itquﬂl
Lo s
hole to “palm™ out perhaps a teacupful of sand each time. Then a curi
]]1
““”““‘“ was "7"~L1‘\('(1 —one not mentioned in the sketchy accounts
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the literature of nesting by the Pacific form and not noticed by us during
careful observance of nesting by the loggerhead turtle and by the Pacific
ridley. As the working flipper was thrust into the hole for its load of
sand, the other flipper was spread firmly on the sand beside the mouth
of the hole. The excavating fin raised its burden of sand out of the hole,
slowly moved it to the side, and dropped it. Immediately the off tlipper
shot out laterally and upward and struck the under margin of the shell
a hard back-hand blow. There was great force in this movement, and the
thumping sound it made could be heard above a moderate surf when the
observer moved away to a distance of 40 paces. This mannerism is typical
and is continuously executed throughout this stage of the digging. We
hfl\'l' twice located nesting turtles in the dark by tracing the sound. The
aim of the movement seems to be to rid the site of any loose sand that
might fall into the cavity. The action is too fast to follow with the eye, but
when such a stroke has been completed the lip and environs of the hole
on the side where the flipper rested are clean and firm. As the flippers
alternate in digging, the process is repeated in reverse, and the whole
operation of excavating the urn-shaped egg cavity is a series of such bi-
lateral reciprocal actions.

'\.ﬂ 10:45 p.a. the turtle stopped digging, dropped her tail low in the
514 and began to lay. The complement was dropped singly and by
tWo's, the intervals between extrusions of eggs varying between one and
10 seconds except for a few periods of rest of as long as 30 to 60 seconds
towards the end of the operation. Throughout the time that the eggs were
bemg dropped, the two hind flippers were spread and held horizontally
“I'I;”i“ 'tfl;:.clher over the opening of the cavity, covering it cmnpletcl_\'_l hg
2). This seems to be a typical, though not invariable, maneuver, tor it
Vas noticed in every case except one that was watched at this stage of
the process (at least several dozen). It is a marked departure from the
]"']1“\'1")1‘ of Caretta and Lepidochelys which press the vertically oriented
back .h““' against the upper part of the wall of the cavity as if to keep
sand from falling in.
I;r.r:r\ntn”( h(): ];';‘- 14}]_\"ing was completed, and th.c ﬁ]}i:l,‘.:’i (]Jf.tiuj 11;;(_: h:’;(l;:]?\i'::
M Weniars ). h_e turtle reached l;itt‘l:du_\ with alternately v .\ ng
ol I_n'lll’];I:H.—rzll_\'e(l in sand, ;%ml knv;l_dcd it into the hole. W h:” ,t.h,t ‘]1]()];
o 1L raking ;11_1(1 packing ‘cuntmluc(l. sn.th;lt the mounc su\\ ' )e-
5 1 the after edge of the shell. From time to time the turtle bunched and
sque
‘fh" back end of her body was pushed up until it was nearly horizontal,
stead of being inclined it s1c *! [ tl es .)it as it had been
throughe g nclined on the slope of the nest pit a :

ghout the laying process.

€zed this mound between her flippers, and as it continued to grow



zl [ ! [ 7 NO. 1 35
'j.) ) q

F1G. 12, Posterior v
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iew of green turtle in process of laying, shov

. r apart
i 5 ; g _'_IIQ,hti,\ aj
bosition of the spread hind feet, here pulled sli
to show eggs.

tare fins
At 11:15 p.ar. work with the hind flippers stopped and tl?cd“;i;,]}:»rr
began to thrash and to sling sand. After a few strokes, the hin tion
joined in this work,
of her body, and the : = Q feet.
pit and sprinkled the surroundings through a radius of 6 to
the pit filled, the shiftin
with the fore

SEe - prienta
As the turtle threw sand, she s]nrltc]‘]t]hﬁl e nestitl
N | Vo ) il . - fillec :
IH(I]SL‘]'H]]1]].’[[(‘]_\' flung sand gradually As

-owing of sand
£ stopped, but the scooping and E]mf“]f::(,;lqixt"!
fins continued, and eventually produced I\:\“. ;(-r
for each flipper) at some distance from the fori tering 0f
the now indistinguishabl about,
sand was discontinged

over and near the

selint
rim 0
basins (one .
¢ nest excavation. Gradually the e
s [CORR scuffing
» and the turtle began shuffling and s

I ling mentioned
: 4 sthing like the pounding
site. (but doing nothing like the p



Fi6. 13, Green turtle filling her nest after laying. This individual (““lt ti"
“ne mvolved in the accompanying description of laying) went thmlls{I‘ Hlt'
*hole nesting process perched on a root that was too strong for her to break

out of her broad nest depression and that prevented her sinking into it in g
usual way,

in the literature on other species ). When all work was done the two de-
]}r‘l.'“i(m”' scooped out during the filling process by the fore flippers re-
Mained as the most conspicu(;ns features of the local topography and may
resonably be regarded as diversionary in function.

At 11:32 v, all concern with the nest seemed to leave the turtle sud-
denly, and she made for the sea, moving towards it at an angle of roughly
20 degrees and disappearing in the surf at 11:43 r.Mm.

The features of the behavior of the above individual (shown by other
I‘jh\(‘”’at‘.(”lﬁ to be characteristic) that represent departures from the nest-
g n:
Ot the shell margin by the off foot during the digging of the egg h”l"_:
'2) the very different position of the back fins during oviposition ; l_3l
the ]ea"i“&" of diversionary pits; and (4) the (often) protracted period

g gt e 7

S e ; 3 . peculiar striking
Pattern of the loggerhead and the ridley are: (1) the peculiar strikimg
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of “smelling™ of the submerged or wet sand h(‘,f(?l’(‘ o (r.ic"c‘helm\l |
[n view of the uncertainty of evaluations of relationships among sea t.ur.tk(-.
on morphologic grounds, it will be of great interest to see Im\f'.llwlllil]\.\”r:
bill, a form about which little of significance has been published, align:
itself with respect to nesting pattern. : ; e

STRANDING CuEs: Interpretation of our (‘»I)svr\'atu)m. in t(.'l‘l]]h‘ r.)t [l;ui\.
sible orientation cues evoking the stranding response is not cahj\: "i\';'
as hard to understand how turtles know Tortuguero when ﬂ,w'\-,f“”*
there as to understand how they are guided through th? long (1‘1:4(.1;1:::'1-
they travel from their feeding ranges to Costa Rica. Certainly much, 1 l.”‘
most, of the population is transitory. Its reaching Turtu.guvr_(f _11‘1}11_-;11)"_
volve, as well as equipment for navigation, some mt‘chamsnll If{l ‘]];[
nizing” good nesting shore (in this case Tortuguero) when it is 1’ '“‘_ m:
Probably hydrologic factors are involved. It may be only a maitttil’l :
e distribution and strength of long-shore currents, alllh(mgh. th('lht ;i(lm
pear to vary erratically (as well as seasc mally ). }:’erha.ps the. (II?FI‘I )..l'l[hcr
of fresh-water masses off the mouths of the Costa Rican rivers ff;“m
operating directly or by excluding some important S-It‘l.}()hilllﬂt" I-)]fuiltef
of baby turtles), or even such trivial things as the drifting mats o _\\‘t s
hyacinths from the rivers, which could be a concealment UPP‘”'l_““]lt:\m_w
n'v\\'l_\' hatched voung, are guideposts. Or possibly mere[_\‘-{l certain f eg
of fatigue tells the turtles they are off the right section of the shore.

th

There is no doubt that a tendency towards clumped zn'n}'als e,:l::;-
Significantly more turtles come up on certain nights, or durm?'ﬂh;;‘m_
period of the night, or on a certain short stretch of a].)].)ﬂ_ft’”_t‘_‘ -|'i;1tli'
geneous shore. As there seems to be little or no ])I’t‘(ﬁ(‘f!lhth}' ‘I”'_l-‘l‘ o
clumpings, they may be due to independent m(ll\‘l}f 11]‘! =
Sponse to clumped favorable factors. On the other hand, t_he ('l:l--igr;
may merely result from the gregariousness of the members of a migratot;
school, the occurrence of which is

of quantitative data. ]

city about these

an assumption n foregoing disc Ging
) . ' e nestilly
ut in any case, the problem of how th

beach is recognized remains, heir
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in contact with the
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: s« aaenativasifs
sometimes even longer. It is exactly a calin®
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On many occasions we have watched a turtle come out of the surf, stop
when her plastron grounded and, for as long as 15 minutes, alternately
“smell” the sand (sometimes under a foot or so of water, sometimes well
ii{"f\_'t: wave reach), then raise her head high and move it slowly about
as if in myopic study of the prospect. Often these periods of appraisal end
?_'l”'llliﬂ,\‘. with the return of the turtle to the sea, as if the shore had been
found unsuitable. Other times the “smelling” may continue at intervals
all [_h" way up to the zone of loose dry sand, where it is discontinued.

.L arr has described elsewhere (1954a, 1956) an aerial reconnaissance
of the shore south of Tortuguero where he saw on a 6-mile section of
}]"‘“Ch hundreds (perhaps thousands) of the short, \'-shaped trails made
y turtles that have not nested, or even gone up beyond high-tide line,
but merely have come a few feet up from the waves, prospecting. In this
case all il.K' tracks had heen laid down during one night. The inference is
that a migratory school was passing, and one can imagine the cruising
hn-sts. singly or by squads, turning in to the shore from time to time to
u-.hl the ground with their noses, “meditate,” and then move on north-
ward towards whatever they sought in the way of a more reassuring
substrate, i ' ; :
: ]“ hm_e‘“' the nature of the responses that bring the female green turtle
‘ll(:r]\(.'rl(;]‘_(::(_i](;cla"t‘Stfié’;f‘ﬁ _Uf htrzmding. at least, some delicate discrimina-
e lllake‘ >{l.1 _‘fljllh -10_ be involved. \‘\ e have seen evidence that one tmjtlt-
a );rai g I(t. or four, and p()smhl_\' a gon(l many more, l):l]l]ﬁtil]{lﬂ;{
i]lni th:l\:u‘l“’li"'1“‘-“1 ?1_]“_“;_{ a_section (:f_huach. eventually either accept-
await :ll]()thc;~‘]i?..f;f:f r]{(in ]‘:1)-'1711{_{ or Il](-)\'ll'l}._{ away to t.r'\' elsewhere lm' to
above, We hav 8 " . le strong ne;_:‘atl\'c response to 1'1;1]11 was nwnum.wd
Bagk ito thc( \:' L-Tll’t.l‘nnelnz'll]y, l‘JttCIl sen.t an emerging turtle scurrying
Oolidores s ]i:l,11m~ N '(m.e flick of a flashlight hcmn.acr(')ss lw}' eyes, The
away g IllAr;l-c C:\ “I’“E-I a Clgilrett' at -the coco-plum line sr'?111(*t1111e> scares
turtle e e ’.”ﬁﬂl&:." limt_‘nt the surf. A man or dog moving I)ct\\'t.-en the
B e t1n-1]:H.",n.b lmuztm slmrt*\'.zu‘d has‘thc same effect. In this way,
& one s tern :(‘L]m.\ clearl_\'.nmﬂ" 1111]:1'.055101_mlule th;}n the loggerhead,
adjustments '1:.]];((. to see this hclghtcmng.ut str;mdmg responses and
Migratory ‘lnrﬁe.@([‘)m- ot -111(“1]('(.1‘5521?‘7\' zuluptl_\'u c.um‘(.nmt:u.ns of 1]1:1.5.%(-(1

])‘fll'dlu:ing t]]i\‘”?-gi .\\.1‘[]1 its c‘mnplel\: chain of ()rll(‘]‘lt&‘l‘tltln. reactions.
i““'”s{!‘uoulq]\- 1. :ih‘nclmusness in nTakmg th'e stranding (l(‘m.s}ml is an
Peturn '.\'e; -ﬂ:(“‘#:h(d .stuhh:nrnwsa-m'thcrdr_n'o to ]:\_\': vxcmphhm! by the
eXperience (:f ‘:\)t )1}0 Atho |.)t‘:l(_‘|1 of No. 227 only a few hmn'..a after the
cases are ]mm‘;I‘Ulf. l.llg.: a night on I]]t‘.{)(':l(‘h on her la:tE‘li. LH[T]])Z?]'Z[])]L‘

rous in our records, as is shown by the first peak in the

Clurye ii -
1 he 9 B : ; 2
gure 9. Females often come ashore dragging with them much
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larger males attempting copulation. That these are not merely desperately
flecing unwelcome attentions seems indicated by the fact that a female also
frequently comes up hauling a log tied to her fore flipper with a rope
O or 8 feet long. To get turtles out to the launch that takes them to mar-
ket, the veladores tie a wooden buoy to the fin of each turtle and make
her swim to the coasting boat. Some of these escape, and they sometimes
come back ashore and complete a laying venture with the log attached.
We have what seems to be a reliable record of one of these escapees that
was retaken at Bocas del Toro, nearly 200 miles away. )

Whatever may be the nature of the senses used in coming to, and in
recognizing, the beach the choice of the nest appears to be no more tlfilli
the “feel” of the sand when trial scoops are made with the flippers. The
turtle simply keeps going (in a direction determined by factors not “Acl!
known) until she comes to an obstruction or until a few trial sc ';tl’i“g_“' of
the sand satisfy her. Obstructions that stop her may be dunes, vegetation,
or a storm-thrown log. Any of these will probably be located above the
reach of normal high tide and thus in good nesting sand, and, as a pros-
pecting turtle usually stops and tries the sand when she meets such an
obstacle, a majority of nests are found in such places.

In the case of the broad, duneless bars or spits near the river mouths,
where no vegetation grows, turtles sometimes go considerable distances,
sometimes as far as a quarter of a mile, in search of good ground. On the
low, wide bar between the lower end of the Tortuguero River and the sea,
tracks often show that turtles have pushed the futile search for deep nest-
ing sand clear across the peninsula and, on r :aching the river bank, have
parted the hyacinths and entered the river.

It is of interest that the relatively small number of hawksbill trails we
have seen seem to indicate a far greater tendency in that species to wan-
der in its search for a nesting place. :

CourTsuip AND CoPULATION - Mating occurs (mainly, perhaps ﬂhm_lft
exclusively) off the nesting beach, as is known to be true of the Pacific
form. Whether it takes place before or after laying, or both, is not know-
Certainly males often head for females as they go back into the sea, .h“t
no actual copulating has heen observed to 1-6511—]‘[ at such times. Both ot us
have seen females come ashore dragging, or pursued by, males, as “{j
mention above. Harrisson | 1954) said, with regard to this point, “It looks
to me as if it [ copulation ] mainly occurs after the female has laid.” but he
gave no evidence.

Pairing is a strenuous and clumsy operation, and the female often ends
an outing at the beach in bad shape L (kje]’
notches broken out of the fore £ i

gashed, scraped, and witl
margin of her carapace, one on eithe

. —
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of her neck, where the grappling nails of the male have clawed for sup-
port. Prior to pairing there is often considerable confusion that seems
to be fighting between males, but may be the striving of rival suitors to
mount a female simultaneously. Carr has elsewhere (1956) mentioned
the frequency with which groups of three floating turtles (a female and
two attendant males) may be seen from the air off the beach in the nest-
ing season, It is of interest that Harrisson (loc. cit.) refers to similar ob-
servations for the Pacific green turtle.

When pursuing or trying to mount the female, a male green turtle 1
apparently oblivious to all other stimuli. When the mancuernas, as the
mated pairs are called, appear close inshore, the Tortuguero boys grab
irons, run out into the surf, and sometimes succeed in harpooning the
male before he is aware of their presence,

During the 1955 season, courting or mated green turtles, sometimes
several in an afternoon, were seen frequently during early and middle
July. Towards the end of July such pairs appeared less often, and during

all of August no sign of courting or copulation was observed.
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